INTRODUCTION
The advent of modern tissue culture techniques reported in 1949 by Enders, Weller, and Robbins' initiated a new era in the study of virus infections. As a result, it has been possible to carry out systematic studies of the etiology of disease syndromes, and, to date, some seventy new agents have been isolated. It is now possible for virus isolation to contribute to the establishment of an etiological diagnosis in cases of poliomyelitis and aseptic meningitis for which previously there had been no practicable laboratory evidence of disease.1 '8 The accidental discovery in tissue culture of the Echo group of viruses was followed by the demonstration that these agents are widely distributed in normal populations."" It has now become apparent that in addition to sharing epidemiological similarities with Coxsackie and polioviruses, members of the Echo group are also capable of producing characteristic disease patterns.' Not until 1954 was the association of Echo viruses with aseptic meningitis firmly established, when outbreaks associated with type 6 were described."' Subsequently type 48.18 has also been reported as cause of extensive outbreaks of aseptic meningitis. During 1956, for the first time, numerous epidemics associated with rash were reported, the etiologic agent being Echo Virus Type 9.19 In these outbreaks many associated cases of nonspecific febrile illness with rash also were reported.
In Connecticut, Davis and Melnick' carried out studies covering 1955 and 1956 to determine the etiology of reported cases of aseptic meningitis and paralytic poliomyelitis. The purpose of the present study was to investigate the activity of the Enteroviruses-Echo, Coxsackie, and polioviruses-as causative agents of aseptic meningitis and associated nonspecific illnesses in Connecticut in 1957 and to compare the results with those of the previous two years. MATERIALS 
AND METHODS

Source of Materials
Fifty-seven cases of suspected poliomyelitis, aseptic meningitis, or related nonspecific febrile illness, occurring in Connecticut from June through September, 1957, were studied. Specimens collected from these patients were sent to the laboratory by physicians throughout the state.* An attempt was made to obtain stool, throat swabs, cerebrospinal fluid, and blood specimens in the acute phase of disease from as many cases as possible. Convalescent blood specimens were collected approximately three weeks after the onset of illness.
Virus Isolation Techniques
Rhesus monkey kidney (MK) tissue culture monolayers were used routinely for viral isolation. These were prepared in the standard manner for the laboratory, i.e., primary trypsinized MK cells grown in stationary tubes in a medium consisting of Hanks balanced salt solution with 2 per cent calf serum and 0.5 per cent lactalbumin hydrolysate.'
Stool specimens were made into 20 per cent suspensions with distilled water spun for one hour at 3,000 RPM. The supernatant fluid, after treatment with antibiotics (500 units penicillin, 500 micrograms streptomycin, and 25 micrograms of mycostatin per ml.), served as inocula: each of five monkey kidney tubes drained of media was inoculated with one ml. of stool suspension and incubated at 370 C. for one hour. The inocula were then discarded and the fluid nutrient medium replaced.
Throat swabs were extracted with 2 ml. of Hanks balanced salt solution containing antibiotics, centrifuged at 3,000 RPM for 30 minutes and inoculated in 0.2 ml. amounts into each of four tubes.
Cerebrospinal fluid was inoculated directly in 0.2 ml. amounts into each of three tubes.
All cultures were read daily or at least at two-day intervals. Those showing cytopathic effect (CPE) were harvested and passed. Negative cultures were discarded after 14 days.
Virus Identification
The use of Erythrocebus patas monkey kidney cells as a screening procedure for grouping Enteroviruses has been described by Hsiung 
Animal Tests
All strains of Echo Virus Type 9 isolated and all strains of virus which were not neutralized by any of the antisera were tested for pathogenicity in suckling mice. Animals between one and three days of age were inoculated with 0.02 ml. subcutaneously and 0.01 ml. intracerebrally using high titered (at least 105 TCD50) first or second tissue culture passages. The mice were observed daily; any showing signs of paralysis were harvested, and in some instances histological sections were made. In the latter event, the involved limb was fixed in 95 per cent Zenker's fluid plus 5 per cent acetic acid; sections were stained with hemotoxylin and eosin.
RESULTS
Virus isolations. Of the 57 cases of suspected poliomyelitis, aseptic meningitis, or related nonspecific febrile illness studied, some virus was isolated from 33, or 58 per cent. The specific agents are shown in Table 1 .
A striking feature of the results was the paucity of isolations of polio- Serological results. The results of neutralizing antibody studies on available sera (Table 3) indicate that the cases of infection with Echo Virus Types 9 and 14, and Coxsackie B, showed at least a fivefold increase in neutralizing antibody from the acute to the convalescent serum specimens. In the two instances in which antisera from the patient were set up against studies of the paralytic case due to poliovirus type I showed high type I CF levels (>32) in both acute and convalescent specimens, and a rise in type I neutralizing antibody between acute and convalescent specimens.
Five cases which failed to yield a virus showed a rise from 0 in acute to 64 in the convalescent serum specimens in the mumps CF test. groups. The most common symptoms were fever, headache, nausea, vomiting, and, particularly in young children, rash. Of the eight with aseptic meningitis, only three had Kernig and Brudzinski reflexes and one had transient leg weakness. The duration of illness in those without meningeal signs averaged 2-4 days while in the aseptic meningitis cases it was 4-6 days.
The most unusual feature of the clinical picture was the presence of an exanthem in five of the 13 individuals. No exanthem was noted in any of these. There was an association between age and the presence of rash: all of the virus positive children under four years of age (five in number) had a rash while in none of the older children (six in number) and neither of the two adults who were infected was rash detected. In addition, three other children under four years of age, who were members of families with virus positive members but from whom no specimens had been obtained, exhibited rash. The rash was similar in character and distribution to that of rubella and was in fact often mistaken for rubella. The lesions were maculopapular and erythematous; in some children they extended over the face, trunk, and extremities, while in others they were limited to the face or trunk. The rash lasted approximately three to five days but on occasion as long as eight days. It appeared both before and after the onset of fever. Figure 1 shows diagrammatically the course of illness in a two-year-old boy. This child had one day of fever followed by five days of well-being, after which the fever returned and was accompanied by meningeal signs. The characteristic rash made its appearance three days before the onset of the second bout of fever and persisted for eight days. The biphasic course in this case was unusual for this series, but it has been reported in up to 40 per cent of cases in an outbreak of Echo 9 infection in England ;' a third phase has also been noted in a small per cent of children but was not seen in any of the Connecticut cases studied in 1957.
The family epidemiology of Echo 9 infections is illustrated in Figure 2 . This family consisted of two-the G and the S families-who lived together in one home. All of the eight children were ill, and one of the four adults had a febrile illness. The young children were the first to be affected, and four of the five children four years and younger developed the characteristic rash; the older children and the one parent involved had similar symptoms but no rash. There were no frank cases of aseptic meningitis in any mem- bers of this household, but since no spinal punctures were done, it is not possible to rule out meningeal involvement. Cerebrospinal fluids were obtained from eight cases with Echo 9 infection. All of these showed a pleocytosis ranging from 10 to 1377 WBC/mm' with an average of 429 and a median of 311. Two cases had more than 50 per cent polymorphonuclear leucocytes, while all others showed a great lymphocytic preponderance. Spinal fluid protein ranged from 26 to 62 mg %o with an average of 42.5 and a median of 39.5; and only three were elevated at levels greater than 45 mg %o.
Infections with Coxsackie A-9. Three children under 3½2 years of age presented with nonspecific febrile disease, and from them Coxsackie A-9 virus was isolated. The clinical picture was similar to that of the Echo 9 cases and was characterized by fever, nausea, vomiting, and rash. The rash was seen in two of these cases and as with the Echo 9 cases was a spotty erythematous papular eruption on the face, trunk, and extremities. The rash appeared one day prior to the fever and persisted approximately four days as depicted in Figure 3 . The presence of diarrhea in all members Infections zeith unidentified viruses in Bristol. Clinically, these seven cases all had pyrexia and in general a milder disease process than that seen in the Echo 9 and Coxsackie A-9 cases in Bristol. Six of the cases, all in children under the age of seven years, had a rash which did not differ in appearance or distribution from the rash seen in the Echo 9 and the Coxsackie A-9 cases. There was a tendency for it to become more confluent after approximately two days and it gradually faded in approximately one week. In addition to fever and rash, two of the children had headache, stiff neck, and malaise; a spinal fluid was obtained from one of these cases and showed a pleocytosis of 110 cells, all lymphocytes, with a protein value of 24 mg %. The others merely had fever and rash.
The one adult case was a 27-year-old father who had no rash but did develop chills, fever, retro-orbital pain, sore throat, and lethargy of two days' duration. Virus was isolated from his throat on the third day of illness. Figure 4 is a representative family study of disease caused by an unidentified Bristol virus.
DISCUSSION
The etiology of the disease syndromes under study were considerably different in 1957 from the two previous years. Whereas Davis and Melnick' had found that polioviruses accounted for 35 per cent of the 98 virus positive cases of aseptic meningitis in 1955 and 1956, in only one instance was a poliovirus (type I) isolated from a similar case in 1957. The types of Echo virus involved were also different, Echo 6 being the predominant one in the earlier two years with no isolations of Echo 9, while in 1957, Echo 9 was the most commonly isolated agent, and Echo 6 was not encountered. This shift from year to year has been a common feature in the short history of Echo virus infections.
There were also far fewer cases of aseptic meningitis due to any cause in Connecticut in 1957 compared to the preceding few years. However, a number of viral agents were active and probably were associated with a considerable amount of minor symptomatology. Since no illness surveys were conducted, it is not possible to say how much disease was produced by these various agents in the areas studied, but reports from physicians in the town of Bristol, for instance, suggest that a great deal of minor illness existed, particularly among the childhood population during the period in which the cases reported were studied. It seems likely that much of this illness was due to Echo Virus Type 9, as well as Coxsackie A-9, and other agents which could not be classified.
Clinically, the cases of aseptic meningitis of proven viral etiology showed a certain amount of minor variability but fulfilled the basic criteria established for the disease syndrome by Wallgren An unusual clinical feature of the cases studied was the presence of a rubella-like rash, associated not only with Echo 9 virus infection, but with Coxsackie A-9 and with unidentified agents as well. The rash was similar in character and distribution in the three etiologic groups of cases.
